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CASE REPORT

Left displacement of the third gastric 
compartment in an alpaca: the first case report 
in China
Yuxi Song, Zheng Wang, Ran Li, Dandan Hao, Zhijie Wang, Cheng Xia*   and Yunlong Bai* 

Abstract 

Background:  Left displacement of the third gastric compartment (LDC3) in alpacas is an extremely rare condition 
and has not been reported thus far. Therefore, we describe the clinical diagnosis and treatment of LDC3 in an alpaca.

Case presentation:  A 2-year-old brown female alpaca (Vicugna pacos) was presented to evaluate a 3-day history of 
abdominal distension causing loss of both appetite and thirst, along with oliguria and low to no defecation. Clinical 
examination, X-ray examination, surgical exploration, and determination of gastric pH (pH ~ 2.35) confirmed that LDC3 
resulted in abdominal distension. The gastric wall of the displaced third gastric compartment was incised for the 
expulsion of pneumatosis, and a medical-grade silicone tube was inserted into the incision to remove the effusion by 
siphoning. Surgical treatment proved to effectively alleviate the abdominal distension caused by LDC3 without appar-
ent side effects.

Conclusions:  To our knowledge, this case is the first known report of LDC3 in an alpaca in China. A similar condition, 
left displaced abomasum, has previously been described in cattle and sheep.
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Background
Since its initial identification in 1950, left displaced abo-
masum (LDA) has been increasingly observed in cat-
tle [1, 2]. Such disease also occurs occasionally in sheep 
and goats [3, 4]. It is characterized by an abomasum 
filled with gas floating in the dorsal part of the left abdo-
men, with an acute onset and high mortality [2]. Left 
untreated, LDA generally results in adhesions between 
the abomasal wall and other organs, multiple organ fail-
ure, and even death [5]. Patients eventually succumb to 
cachexia or abomasal perforation-induced peritonitis [5].

Alpaca (Vicugna pacos), a member of the South 
American Camelids (SACs) family, belongs to the sub-
order Tylopoda of the order Artiodactyla, whose gastric 

anatomy is adapted to the physiological process of rumi-
nation and the degradation of plant cell wall contents to 
a great extent [6]. However, unlike the four-chambered 
stomach of ruminants such as cattle and sheep, alpacas 
have three gastric compartments. The specific design 
of the stomach together with its related functions and 
physiological processes confirm that the evolution of 
Tylopoda and Ruminantia took place in parallel and not 
in homology [6].

Despite the uniqueness in anatomical structures and 
physiological function, the third gastric compartment 
(C3) in alpacas is similar to the abomasum of cattle and 
sheep in functions such as the secretion of gastric juices 
and food digestion [7]. Thus, in many respects, left dis-
placement of the third gastric compartment (LDC3) 
in alpacas may be similar to LDA in cattle and sheep. 
Unexpectedly, unlike the high incidence of LDA in cat-
tle, LDC3 in alpacas is an extremely rare condition and 
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has not been reported thus far [8]. Notably, this is the 
first alpaca LDC3 case found in clinical practice in China. 
Therefore, we describe the clinical diagnosis and treat-
ment of LDC3 in an alpaca.

Case presentation
A 2-year-old, 58 kg brown female alpaca was presented 
to the Animal Hospital of Heilongjiang Bayi Agricultural 
University (Daqing, China) to evaluate abdominal disten-
sion. For ornamental purposes, the alpaca was purchased 
into a sighting agricultural park of Daqing in Heilongji-
ang Province in China. The alpaca was fasted on the day 
of purchase but allowed free access to water. On Day 3, 
it was fed large quantities of carrots and a small amount 

of alfalfa green grass. During this period, the alpaca pre-
sented with unformed stool followed by loss of both 
appetite and thirst, along with oliguria and low to no def-
ecation. The sick alpaca was treated in our hospital on 
Day 6.

On admission, the alpaca exhibited overall malnutrition 
and abdominal distension (Fig. 1). The rectal temperature 
[38.6 °C, reference interval (RI): 37.5 °C to 38.9 °C], heart 
rate (60 beats/min, RI: 60 to 90 beats/min), and respira-
tory rate (30 breaths/min, RI: 10 to 30 breaths/min) were 
within the reference ranges of SACs [9]. There was a 
high-pitched metallic “ping” and splash auscultated upon 
percussion and succussion of the left abdomen, suggest-
ing that there could be effusion and pneumatosis in the 
first gastric compartment (similar to the rumen of cattle 
and sheep) [7] or abdominal cavity.

Abdominal X-ray showed an oval, tubular, notably 
demarcated, low-density shadow (suggestive of effusion 
and pneumatosis) in the middle portion of the left pos-
terior abdomen (Fig.  2A). The patient was suspected to 
have left displacement of the third gastric compartment. 
In the lower third of the shadow, there were two higher 
densities of diamond shadings (Fig. 2B). In addition, there 
were multiple shadows with different sizes and densities 
in the anterior left ventral down that were suspected to 
be stones or other foreign bodies (Fig. 2A).

Surgery was performed as previously described for 
LDA in cattle [10]. Briefly, peripheral venous access was 
established, and prophylactic antibiotics were given 
with intravenous cefoxitin 1 g within 30 min before the 
beginning of surgery. The left paralumbar fossa was 
shaved, and the skin was disinfected with 2% iodine 
tincture and 75% ethanol. Local anaesthesia was then 

Fig. 1  Left abdominal view in a 2-year-old brown female alpaca 
with LDC3 after shaving. The image showed a marked abdominal 
distension

Fig. 2  Standing left lateral abdominal X-ray images of the alpaca. A X-ray showed an oval, tubular, low-density shadow (thick arrow) and multiple 
shadows (thin arrows) with different sizes and densities. B X-ray showed a whole C3 (thick arrow) and two higher densities of diamond shadings 
(thin arrows)
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carried out with 5 ml of 1% lidocaine hydrochloride by 
using a paravertebral nerve block. To meet the owner’s 
requirements, a 3–5 cm longitudinal skin incision was 
made 2 cm below the centre of the left inguinal fossa 
under the premise of guaranteeing aesthetics. The 
abdominal wall musculature (external oblique, internal 
oblique, transversus abdominis, and rectus abdominis) 
was excised by blunt dissection. This was followed by 
an incision through the peritoneum to expose the dis-
placed C3 (Fig. 3A). C3 was long and tubular by surgi-
cal exploration, and a small amount of clear ascites was 
observed in the abdominal cavity.

Next, a gastric wall incision of approximately 1 cm 
was made to release gas. A medical-grade silicone 
tube was inserted into the incision to reduce abdomi-
nal bloating and drain most of the contents appeared 
yellowish-brown and muddy in appearance, with a 
rancid odour (Fig.  3B). The pH of the gastric contents 
was 2.35, as measured using an acidometer. The gastric 
mucosa was pale pink. Therefore, a diagnosis of LDC3 
was confirmed by clinical examination, X-ray exami-
nation, surgical exploration, and gastric content pH 
detection. Subsequently, right reduction was performed 
without fixation. Immediately after that, the perito-
neum, muscles, and skin were sutured in turn, and the 
surgery area was sterilized with a 2% iodine tincture. A 
variable infusion of 0.9% normal saline (250 mL) and 5% 
dextrose (250 mL) was given intravenously, and cefqui-
nome (5 mg/kg body weight) was administered by sub-
cutaneous injection. The alpaca was allowed to stand, 
and no abnormalities were observed. Ultimately, the 
alpaca was returned to the park for usual care and treat-
ment under the guidance of a resident veterinarian. Six 

months later, the owner reported that the alpaca was 
growing well and had experienced no complications.

Discussion and conclusions
The aetiology of LDA in cattle is multifactorial [11]. Abo-
masal atony and excessive gas production have been 
reported as prerequisites for the development of LDA 
[12]. The exact reasons for LDA are unknown, yet long-
distance transportation, appetite suppression, changes 
in feed, and metabolic stress and disorders have been 
associated with this disorder [5, 13, 14]. In our case, the 
alpaca was started on a fasting regimen after being pur-
chased. In addition, the purchasing process involved 
long-distance transportation. Subsequently, the alpaca 
was fed large quantities of carrots and a small amount 
of alfalfa green grass, and clinical symptoms appeared 
2 days later. Therefore, it is reasonable to speculate that 
the above factors could be associated with the onset of 
LDC3 in an alpaca. However, the specific reasons still 
need further investigation in clinical practice and animal 
experiments.

The diagnosis of LDA in cattle is based on clinical signs 
and auscultation and percussion of the abdomen. As pre-
viously reported for LDA in cattle, the alpaca with LDC3 
in this case report had a normal rectal temperature, 
heart rate and respiratory rate [15, 16]. As evidence for 
the presence of abomasal displacement, clinical signs of 
indigestion, reduced ruminal movements, inappetence, 
and ping and splashing sounds on the side of displace-
ment have been previously reported in cattle and sheep 
[17, 18]. Coincidentally, the alpaca with LDC3 reported 
here presented with clinical signs similar to those in cat-
tle and sheep with LDA. In addition, the alpaca had left-
sided abdominal distention and a left-sided pinging and 

Fig. 3  Surgical exploration (A) and expulsion of the pneumatosis and effusion (B). A Appearance of C3 was exposed after left abdominal wall 
incision. B A medical-grade silicone tube was inserted into the C3 incision to release the pneumatosis and effusion
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splash were auscultated on percussion and succussion. 
The same diagnostic approaches may therefore be appli-
cable for SACs with LDC3. However, finding abdominal 
distension in an alpaca is not pathognomonic for LDC3. 
Other differentials for abdominal distension in an alpaca 
include impaction, tympany and acidosis of the first gas-
tric compartment, traumatic peritonitis of the second 
gastric compartment, and third gastric compartment 
ulcers [19–21]. Therefore, LDC3 in SACs should be dis-
tinguished clinically from these diseases.

In the case reported here, abdominal X-ray examina-
tion was a simple, non-invasive approach of confirming 
a clinical suspicion of LDC3 and monitoring the position 
of displaced C3. The normal radiographic appearance of 
C3 in alpacas has been described previously [22]. Imag-
ing the abomasum dorsally between the rumen and left 
abdominal wall in conjunction with medial displacement 
of the rumen has been reported as radiographic evidence 
of LDA in cattle [23, 24]. Similar radiographic abnormali-
ties were readily identifiable in the alpaca reported here 
and accurately identified LDC3. Given its practicabil-
ity of diagnosing LDC3 in alpacas, X-ray examination 
may obviate the need for surgical exploration in cases 
with subtle clinical signs. However, the identities of two 
higher densities of the diamond shadings in the lower 
third of C3, as well as the multiple shadows with different 
sizes and densities at the anterior left ventral down, are 
unclear. Therefore, further pathoanatomical studies are 
needed to identify whether these shadows are related to 
the occurrence of LDC3.

In the alpaca described here, surgical exploration sup-
ported a clinical suspicion of LDC3. Abdominal explo-
ration revealed no anatomic abnormalities or adhesions 
and concomitant or concurrent disorders. The determi-
nation of gastric pH also supported a clinical suspicion of 
LDC3. In addition, hypochloremic and hypokalemic met-
abolic alkalosis is the most common metabolic change 
in cattle diagnosed with LDA. Blood gas and electrolyte 
analysis have been used to support a clinical suspicion 
of LDA in previous studies [17, 25]. Based on these prior 
studies, identifying hypochloremia, hypokalaemia, and 
metabolic alkalosis could be useful for the diagnosis of 
LDC3 in alpacas with subtle clinical signs. Regrettably, 
data on blood gas and chemistry from the alpaca with 
LDC3 could not be made available because the owner 
elected not to have any further testing performed. This is 
also the major limitation of our case report, and future 
research should consider this clinical aspect.

Surgery to correct abomasal displacements likely 
accounts for the majority of nonelective surgical pro-
cedures in cattle but is uncommon in small ruminants 
[26]. Multiple surgical techniques have been described 
for managing LDA in calves, including left paralumbar 

fossa abomasopexy, right paralumbar omentopexy, 
right paracostal abomasopexy, and right paramedian 
abomasopexy [27, 28]. Alpacas are likely to lie down 
during surgery, so a recumbent technique (left flank 
laparotomy) was chosen. As an ornamental animal, 
the alpaca received a smaller skin incision to fulfill the 
breeders’ requirements. In general, cows with LDA 
have a good prognosis for returning to a productive 
life after surgical replacement. Likewise, in our case 
report, the alpaca with LDC3 was successfully cured. 
As expected, the owner was satisfied with the cosmetic 
appearance of the abdominal skin. This successful case 
suggested that surgical treatment could also be suitable 
for SACs with LDC3.

Our case highlights the diagnosis and management 
of previously unreported LDC3 in an alpaca presenting 
with overall malnutrition and abdominal distension. 
Left displacement of the third gastric compartment 
should be considered in the differential diagnosis for 
SACs with abdominal distention. The combination of 
clinical examination, X-ray examination, surgical explo-
ration, and gastric content pH detection is useful in the 
diagnosis of LDC3. Surgical correction is highly effec-
tive for treating LDC3 in alpacas. Importantly, this is 
the first case report of alpaca LDC3 in China, which 
aims to further improve the knowledge of LDC3 in a 
previously unreported species and to help veterinar-
ians diagnose and treat this disease by borrowing the 
clinical approaches to LDA in cattle and sheep. Further 
research on the blood clinicopathological features and 
pathoanatomical structures of LDC3 in SACs is war-
ranted to better understand the pathology and treat-
ment of C3 in these species.

Abbreviations
C3: Third gastric compartment; LDA: Left displaced abomasum; LDC3: Left 
displacement of the third gastric compartment; RI: Reference interval; SACs: 
South American camelids.

Acknowledgements
The authors would like to thank the Nature Research Editing Service for polish-
ing the manuscript.

Authors’ contributions
YS wrote the manuscript. ZW and RL performed all of the surgery. DH per-
formed the abdominal X-ray examination. JZW performed the gastric content 
pH detection. YB and XC designed the study and revised the manuscript. All 
authors read and approved the final manuscript.

Funding
The Cultivating Fund for Graduate Students at Heilongjiang Bayi Agricultural 
University (Grant no. 1011320021) supported the design of the study and 
writing the manuscript. The Scientific Research Start-up Fund for Introducing 
Talents at Heilongjiang Bayi Agricultural University (Grant no. XBY202101) sup-
ported the sample collection, analysis and interpretation of data in this study.

Availability of data and materials
Not applicable.



Page 5 of 5Song et al. BMC Veterinary Research           (2022) 18:85 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
The animal study was reviewed and approved by the Ethics Committee on the 
Use and Care of Animals of Heilongjiang Bayi Agricultural University.

Consent for publication
The owner gave written consent for his alpaca’s personal or clinical details 
along with any identifying images to be published in this study.

Competing interests
The authors declare that they have no competing interests.

Received: 3 December 2021   Accepted: 21 February 2022

References
	1.	 Begg H. Diseases of the stomach of the ruminant. Vet Rec. 

1950;62(51):797–808.
	2.	 Winden SCLV, Kuiper R. Left displacement of the abomasum in dairy cat-

tle: Recent developments in epidomiological and etiological aspects. Vet 
Res. 2003;34(1):47–56.

	3.	 Shakespeare A. Left displaced abomasum in sheep. Vet Rec. 
1997;141(20):527–8.

	4.	 Parizi AM, Bigham A, Ghasrodashti AR. Displacement of the aboma-
sum to the left side and pyloric obstruction in a goat. Iran J Vet Res. 
2008;9(1):81–3.

	5.	 Geishauser T. Abomasal displacement in the bovine-a review on charac-
ter, occurrence, aetiology and pathogenesis. Zentralbl Veterinarmed A. 
1995;42(4):229–51.

	6.	 Vater AL, Zandt E, Maierl J. The topographic and systematic anatomy of 
the alpaca stomach. Anat Rec. 2021;304(9):1999–2013.

	7.	 Hund A, Wittek T. Abomasal and third compartment ulcers in ruminants 
and south american camelids. Vet Clin North Am Food Anim Pract. 
2018;34(1):35–54.

	8.	 Tschoner TS, Zablotski Y, Knubben-Schweizer G, Feist M. Effect of 
xylazine administration before laparoscopic abomasopexy to correct 
left displaced abomasum on markers of stress in dairy cows. J Dairy Sci. 
2020;103(10):9318–31.

	9.	 Schaeffer JW, Middleton JR, Bozynski CC, Shaw DP. Bilateral iliac arterial 
thrombosis in an alpaca (Vicugna pacos) cria. Can Vet J. 2012;53(9):995–7.

	10.	 Pearson H. The treatment of surgical disorders of the bovine abdomen. 
Vet Rec. 1973;92(10):245–54.

	11.	 Tschoner T, Zablotski Y, Feist M. Retrospective evaluation of claw lesions, 
inflammatory markers, and outcome after abomasal rolling in cattle with 
left displacement of the abomasum. Animals. 2021;11(6):1648.

	12.	 Caixeta LS, Herman JA, Johnson GW, McArt JAA. Herd-level monitoring 
and prevention of displaced abomasum in dairy cattle. Vet Clin North Am 
Food Anim Pract. 2018;34(1):83–99.

	13.	 Hansen AG, Elefson EP, Warnsinke HE, Hjort C, Schoenberg R. Displaced 
abomasum: a relatively common bovine syndrome. North Am Vet. 
1957;38:129–34.

	14.	 Dezfouli MM, Eftekhari Z, Sadeghian S, Bahounar A, Jeloudari M. Evalu-
ation of hematological and biochemical profiles in dairy cows with left 
displacement of the abomasum. Comp Clin Path. 2013;22(2):175–9.

	15.	 Al-Rawashdeh O, Ismail ZB, Talafha A, Al-Momani A. Changes of hemato-
logical and biochemical parameters and levels of pepsinogen, histamine 
and prostaglandins in dairy cows affected with left displacement of the 
abomasum. Pol J Vet Sci. 2017;20(1):13–8.

	16.	 Doll K, Sickinger M, Seeger T. New aspects in the pathogenesis of abo-
masal displacement. Vet J. 2009;181(2):90–6.

	17.	 Oman RE, Streeter RN, Reppert EJ, Chako CZ. Left displacement of the 
abomasum in 4 beef calves. J Vet Intern Med. 2016;30(4):1376–80.

	18.	 Mostaghni K, Hadjimohammadi A, Badiei K. Reflux of duodenal bile acids 
and abomasal ulcerations in experimental abomasal displacement in 
sheep. Comp Clin Path. 2008;17(2):81–6.

	19.	 Smith BB. Major infectious and non-infectious diseases of the llama and 
alpaca. Vet Hum Toxicol. 1993;35(Suppl 2):33–9.

	20.	 Pillitteri CA, Craig LE. Traumatic gastroperitonitis (hardware disease) in an 
alpaca (Vicugna pacos). Vet Pathol. 2013;50(1):177–81.

	21.	 Smith BB, Pearson EG, Timm KI. Third compartment ulcers in the llama. 
Vet Clin North Am Food Anim Pract. 1994;10(2):319–30.

	22.	 Timm KI, Watrous BJ, Smith BB. Radiographic contrast gastrointestinal 
study of the neonatal llama. Vet Radiol Ultrasound. 1999;40(6):596–604.

	23.	 Hawkins CD, Fraser DM, Bolton JR, Wyburn RS, McGill CA, Pearse BH. Left 
abomasal displacement and ulceration in an eight-week-old calf. Aust Vet 
J. 1986;63(2):53–5.

	24.	 Yamada H. Clinical and pathological studies on the etiological factors of 
bovine abomasal displacement and atony. I. Clinical cases. Nihon Juigaku 
Zasshi. 1982;44(1):39–50.

	25.	 Delgado-lecaroz R, Warnick LD, Guard CL, Smith MC, Barry DA. Cross-
sectional study of the association of abomasal displacement or volvulus 
with serum electrolyte and mineral concentrations in dairy cows. Can Vet 
J. 2000;41(4):301–5.

	26.	 Niehaus AJ. Surgical management of abomasal disease. Vet Clin North 
Am Food Anim Pract. 2016;32(3):629–44.

	27.	 Fubini SL, Ducharme NG. Calf Surgery: surgery of the calf gastrointestinal 
system. In: Fubini SL, Ducharme NG, editors. Farm Animal Surgery. New 
York: Academic; 2004. p. 461–84.

	28.	 Mulon PY, Desrochers A. Surgical abdomen of the calf. Vet Clin North Am 
Food Anim Pract. 2005;21(1):101–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Left displacement of the third gastric compartment in an alpaca: the first case report in China
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation

	Discussion and conclusions
	Acknowledgements
	References


